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Introduction

Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the
examinations. They provide useful guidance for future candidates.

The reports will include a general commentary on candidates’ performance, identify technical aspects
examined in the questions and highlight good performance and where performance could be improved.
A selection of candidate answers is also provided. The reports will also explain aspects which caused
difficulty and why the difficulties arose, whether through a lack of knowledge, poor examination
technique, or any other identifiable and explainable reason.

Where overall performance on a question/question part was considered good, with no particular areas to
highlight, these questions have not been included in the report.

A full copy of the question paper and the mark scheme can be downloaded from OCR.

Would you prefer a Word version?
Did you know that you can save this PDF as a Word file using Acrobat Professional?
Simply click on File > Export to and select Microsoft Word

(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere on
the page and select Save as . . . to save the PDF. Then open the PDF in Acrobat Professional.)

If you do not have access to Acrobat Professional there are a number of free applications available that
will also convert PDF to Word (search for PDF to Word converter).
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Paper 4 series overview

Candidates were generally quite well prepared for this examination, although the more challenging
guestions were omitted by many.

Candidates need to show their working in calculations, so that where a final answer is incorrect it may be
possible for working and error carried forward marks to be given.

It is important that candidates read the questions carefully, to make sure their answers meet the
expectations of the question, e.g. ticking two boxes when asked rather than one, and giving numerical
answers to an appropriate number of significant figures (or decimal places).

More successful candidates interpreted data in questions and applied knowledge and understanding to
guestion contexts.

Candidates who did well on this paper Candidates who did less well on this paper

generally:

generally:

e produced a structured response to the Level of | ¢ used only the data in the table to ascertain an

Response question, Question 14, including
use of the information in the table alongside
their own knowledge

showed working steps in calculations in
Questions 12 (c¢) and 15 (c) (ii)

balanced an equation in Question 15 (a) (i)
predicted products of a reaction in Question
16 (b)

interpreted data in Questions 12 (b) (ii), 13 (a),
13 (b), 16 (c) and 16 (d)

completed bar chart and graph in Questions
13 (a), 16 (c) and 16 (d)

named apparatus and drew a labelled diagram
of apparatus in Question 16 (a)

understood the separation of crude oil in
Questions 12 (a) (i), 12 (a) (ii), 12 (a) (iii) and
12 (b).

advantage or disadvantage as their answer to
the Level of Response question, Question 14

struggled to recall knowledge in Questions 11,
12 (a) (i) 12 (a) (i) 12 (b) (i) 13 (c) (i) and 16
(e)

produced answers to numerical questions
without showing working steps in Questions
12 (c) and 15 (c) (ii)

found it difficult to interpret data given in
Questions 12 (b) (ii), 13 (a), 13 (b), 16 (c) and
16 (d)

found it difficult to name apparatus and draw
apparatus diagrams

showed imprecise use of scientific terminology
and processes in Questions 12 (a) (i), 12 (a)
(i) and 12 (b) (i).
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Section A overview

Almost all candidates attempted every question.

Questions on the greenhouse effect (Question 2), reactivity series (Question 3), reading temperature
(Question 4) and the Earth’s atmosphere (Question 5) were particularly well answered.

Questions on energy profile diagrams (Question 7) and catalysis (Question 9) proved to be more
challenging for candidates.

Question 1

1  Which part of the Periodic Table contains the most reactive metals?

Your answer [1]

Many candidates knew that metals are on the left hand side of the Periodic Table, and so B was a
popular incorrect response.

6 © OCR 2023
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Question 2

2  Which process traps heat from the Sun in the Earth’s atmosphere?

A Combustion
B Displacement
C Greenhouse effect

D Photosynthesis

Examiners’ report

Your answer [1]
The greenhouse effect was well known, D was also a popular response.
Question 6
6 The table shows the boiling points of three Group 1 elements.
Element | Boiling point (°C)
caesium | 669
potassium | 760
rubidium 686
How many of these elements are gases at 700°C?
A 0
B 1
C 2
D 3
Your answer [1]

Candidates found this more challenging with many choosing B.

© OCR 2023
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Question 7

7 The diagram shows the reaction profile for an uncatalysed reaction.

A

Reactants

Energy

Products

Progress of reaction

How does adding a catalyst to the reaction change the reaction profile?
A Xis larger

B Xis smaller

C Yislarger

D Y issmaller

Your answer 1]

The most successful candidates appreciated that a catalyst reduces the activation energy of the reaction
and recognised that this energy was represented by X on the diagram. A and C (where the energy was
increased) were popular responses.

Question 8

8 Which particles do atoms in Group 7 gain when they react?
A  Electrons
B lons
C Neutrons

D Protons

Your answer [1]

D was a popular incorrect response.

8 © OCR 2023
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Question 9

9 Which reactions can be catalysed by an enzyme?
A Combustion reactions
B Electrolysis of metal ores
C Reactions in biological systems
D

Reactions of metals with acids

Your answer [1]

The more successful candidates appreciated that enzymes catalyse biological systems. D and B were
the more popular responses.

Question 10

10 The rate of reaction between magnesium and dilute hydrochloric acid depends on the
concentration of the dilute hydrochloric acid.

Which concentration of dilute hydrochloric acid reacts slowest with magnesium?
A 0.089mol/dm?
B 0.500mol/dm?3
C 0.038mol/dm?

D 0.630mol/dm?3

Your answer [1]

D was a popular incorrect response.

9 © OCR 2023
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Section B overview

Questions on reversible arrow (Question 11 (a)), bar charts (Question 13 (a)), metal properties (Question
13 (b)) and reactivity of group one (Question 13 (c)) were well answered.

The most challenging questions for candidates were Questions 12 (a) (i) and (ii) on crude oil separation,
Question 12 (b) (ii) interpreting a graph, Question 15 (a) (iii) reduction, Question 15 (b) recycling,
Question 19 (a) experimental technique, Question 16 (b) predicting product of a reaction, Question 16 (c)
interpreting information to ascertain the variable in a graph and Questions 16 (d) and (e) effects of
concentration and temperature on the rate of reaction.

A significant number of candidates omitted crude oil separation Questions 12 (a) (i) and 12 (a) (ii),
completing a bar chart Question 13 (a), balancing an equation Question 15 (a), reduction Question 15 (a)
(i), recycling Question 15 (b), calculation of reacting mass Question 15 (c) (i) and rates of reaction
Question 16 (all parts).

There was no evidence that candidates did not have enough time to complete the paper.

Question 11 (a)

11 The table shows the equations for four different reactions.

Reaction Equation
A aluminium oxide — aluminium +  oxygen
B potassium + bromine —  potassium bromide
C copper sulfate  + iron — iron sulfate + copper
D hydrogen + chlorine == hydrogen chloride

Match each statement with one of the reactions by writing A, B, C or D in the box.
You may use the letters once, more than once, or not at all.

(a) The reversible reaction.

— [1]

The reversible arrow was well known, C also proved to be a popular response.

10 © OCR 2023
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Question 11 (b)

(b) The reaction of a very reactive metal.

ﬂ [1]

Higher attaining candidates chose potassium. A was the most popular incorrect response.

Question 11 (c)

(c) The reaction of a green gas.

I [1]

More successful candidates appreciated that chlorine is a green gas. All responses were seen, with A
being the most popular.

Question 11 (d)

(d) The reaction where a more reactive metal displaces a less reactive metal.

J [1]

More successful candidates chose iron displacing the copper in copper sulfate. Many candidates chose
B since potassium is a reactive metal.

Question 11 (e)

(e) The reaction where a metal is extracted using electrolysis.

I [1]

More successful candidates knew that aluminium is extracted by electrolysis, C was the most popular
response.

11 © OCR 2023
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Question 12 (a) (i)

12 (a) Fig. 12.1 shows the separation of the chemicals found in crude oil.

Fig. 12.1
(—|ﬁ——h— Gases
——— Petrol
——=— Naphtha
—— Kerosene
Heated ——» Djesel oil
crude oil —»=

Wg

—» Residue

(i) What is the name of the process shown in Fig. 12.1?

Many candidates recognised that the process involves distillation, with the highest attaining candidates
appreciating that this distillation needs to be fractional distillation. Cracking, evaporation, vaporisation,
separation, extraction, crude oil, blast furnace and names of fractions were all popular responses.

Question 12 (a) (ii)
(ii) Crude oil is heated and vaporised as it enters the column.

Describe what happens to the vapours as they rise up the column.

Candidates found this very challenging. They tended to answer the question by referring to separation by
boiling point with the crude oil vaporising, rising up the column and the gases at the top having the
highest temperature and boiling point since they are gases.

12 © OCR 2023
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Question 12 (a) (iii)

(iii) Which of the chemicals separated from crude oil has the smallest molecules?

Tick (v') one box.
Gases
Naphtha

Residue

[1]

All three responses were popular with residue being the most popular.

Question 12 (b) (i)

(b) Fig. 12.2 shows the structure of a molecule found in crude oil.

Fig. 12.2

I
I—O——I
I—O——I
I—O——>T

I—O——I
I—O——x=T
T

(i) Which words describe the molecule?

Tick (v') two boxes.
Alkane
Hydrocarbon
Mixture

Polymer

[2]

Hydrocarbon was well known, both mixture and polymer were popular incorrect responses. A large
number of candidates ticked only one box.

Assessment for learning

been asked, for example ticking the correct number of boxes.

@ It is imperative that candidates read questions carefully to make sure they answer what has

13 © OCR 2023
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Question 12 (b) (ii)

(ii) There are other molecules similar to Fig. 12.2 but with different numbers of carbon
atoms.

Fig. 12.3 shows how the boiling point of these molecules changes with the number of
carbon atoms in the molecule.

Fig. 12.3

300

250

200

150 —r

100 alin

Boiling 50 . [ A
point (°C)
0 y

N\

AN

=50

-100 7

=150

-200

-250

1 2 3 4 5 6 7 8 9 10
Number of carbon atoms in the molecule

Use the graph to estimate the boiling point of the molecule shown in Fig. 12.2.

Boiling point = ... °C[1]

More successful candidates went back to the molecule in Fig. 12.2, counted 5 carbon atoms and then
used the graph to estimate its boiling point. Many candidates read the temperature where the line
crossed the y-axis. A large number of responses guessed temperatures which were not covered by the
graph.

14 © OCR 2023
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Question 12 (c)
(c) 160 litres of crude oil contains 75 litres of petrol.
Calculate the percentage of petrol in the crude oil.

Give your answer to 2 significant figures.

Percentage of petrol = ... % [3]

More successful candidates showed their working and gave their answer correctly rounded and to 2
significant figures. A significant number gave the calculator value. Quite a large number carried out an
inverted division. Many candidates did not show any working, and so an incorrect answer could not gain
any possible error carried forward marks.

Exemplar 1

|60 > 7S5 xY0OCO
- 212.3

Percentage of petrol = .....coeermevreeenenn. Z.ICJ ................ % [3]

The calculation in Exemplar 1 has the division inverted and so does not score marking point one. The
evaluation of their calculation to many significant figures is given, marking point two, and then this is
correctly quoted to 2 significant figures, marking point 3. By showing the working this incorrect answer
scored 2 marks.

Assessment for learning

Working should be shown in all calculations so that incorrect responses may be able to gain
working marks or error carried forward marks.

15 © OCR 2023
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Question 13 (a)

13 Lithium, sodium and potassium are metals in Group 1 of the Periodic Table.

Table 13.1 shows the melting points of lithium, sodium and potassium.

Table 13.1
Metal Melting point
(°C)
lithium 181
sodium 98
potassium 63

(a) Complete the bar chart to show the melting point of sodium.

200
150
Melting
point 100
(°C)
50

Examiners’ report

[l

Lithium

Sodium

Metal

Potassium

Many candidates used the information and drew the bar correctly, 90 °C and 90 - 94 °C were also
popular. It is advisable to draw the bar in pencil, so that errors may be erased. A significant number of
candidates had several attempts at drawing the bar to the correct height, but since these were all drawn
in pen, it was impossible to see which one was the final answer.

16
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Question 13 (b)

(b) State and explain which of the metals lithium, sodium or potassium is the softest.
Use information from Table 13.1.

Many candidates interpreted the information correctly choosing potassium, with the higher attaining
citing the lowest melting point as the reason. Lower melting point and low melting point were popular as
was discussing the boiling point.

Question 13 (c) (i)

(c) Lithium, sodium and potassium can be cut with a knife as shown in the diagram.

Freshly cut
surface

At first the freshly cut surface looks shiny, but then begins to go dull.

(i) Complete Table 13.2 by estimating the times for lithium and potassium surfaces to go

dull.
Table 13.2
Metal Time for freshly cut surface to go dull (s)
um eeeeeeee
sodium 17
e

[1]

The trend in reactivity was generally well known, reversing the trend was also popular. A significant
number gave negative values for the times.

17 © OCR 2023
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Question 13 (c) (ii)

(ii) Lithium, sodium and potassium are stored in oil to prevent them reacting with gases in
the air.

Which gases in the air react with lithium, sodium and potassium?

Tick (v') two boxes.

Argon

Nitrogen

Oxygen

Water vapour

[2]

Oxygen was well known; nitrogen was a popular incorrect choice. A large number of candidates ticked
only one box.

18 © OCR 2023
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Question 14*

14* Cars can burn petrol or diesel as a fuel. The composition of the exhaust fumes depends on the
type of fuel used.

The table shows the percentages of some substances found in the exhaust fumes of petrol and
diesel cars.

Percentage in the exhaust fumes (%)
Substance
Petrol Diesel
carbon dioxide 14 12
carbon monoxide 1 0.05
sulfur dioxide 0.001 0.03
oxides of nitrogen 0.25 0.15

Describe one advantage and one disadvantage of using petrol as a fuel.
Use information from the table.

Explain your answer using your knowledge of the environmental problems caused by these
substances.

Many candidates could choose an advantage (less sulphur dioxide) or disadvantage of using petrol
(usually more carbon dioxide; more carbon monoxide was seen occasionally; more nitrogen dioxide was
seen rarely). More successful candidates applied their own knowledge to explain environmental
problems caused by their disadvantage, commonly global warming and climate change for carbon
dioxide. The most successful candidates cited less acid rain for sulphur dioxide. Less successful
responses did not use the table at all and discussed cars, cost, availability or renewability and so were
not given marks.

19 © OCR 2023
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Exemplar 2

................ of- O\M ram, and.wil. help.....

B DAY e
________ Howewer. 4 hesS. . Mact... Caxbon. . dioxide...
Ahoun diesed , whdeta. 3L Increase.. Hoaooooo.

This answer in Exemplar 2 has the advantage of less SO, and decreases acid rain. It also has more CO;
causing global warming, climate change, flooding and loss of habitat. This is a comprehensive Level 3,
6-mark, answer citing an advantage and disadvantage and explaining the environmental consequence of
each with great detail for carbon dioxide.

20 © OCR 2023
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Exemplar 3
SR OV ANTE QAR O A SANY.. RALSCON. . AS..E 2.
AScEnor Enere. v AL RSS. SWHEWC . AaoxioNe

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

Qg house.....S SRS NG COZ  vn.. . 0. .oud
AN S 0 PRROL.AS.. ORGP XL e
LRSS

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

The response in Exemplar 3 has the advantage of less SO- but just ‘less air pollution’ is not a
creditworthy explanation of an environmental consequence. This response mentions more CO,, CO and
NOx and has then linked global warming to the CO. as an environmental consequence. This response
cites an advantage and a disadvantage, it and gives one example of the consequence of the
disadvantage. Where there is no environmental consequence of the advantage the answer is not Level
3. This answer is Level 2, 4 marks.

Question 15 (a) (i)
15 Inindustry, iron can be extracted from iron ore. Iron ore contains iron oxide, Fe,0,.

(a) Iron is extracted from iron oxide by reduction.

The equation for one reaction is

Fe,0,+3C — ....Fe+....CO

(i) Complete the balanced symbol equation for the reaction. [2]

Many candidates cited 2 for Fe with the most successful candidates also citing 3 for CO. 6 for CO was a
common response. A significant number of candidates didn’t answer this question.

21 © OCR 2023
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Question 15 (a) (i)
(ii) Why does this reaction happen?
Tick (v) one box.
Carbon and iron have the same reactivity.
Carbon is more reactive than iron.

[ron is more reactive than carbon.

1]
Iron being more reactive than carbon was a very poplar response.
Question 15 (a) (iii)
(iii) Explain how the equation shows that the iron oxide is reduced.
...................................................................................................................................... [1]

Candidates found this very challenging. Many quoted the products of the reaction or repeated the stem
of the question. OILRIG was often quoted, but either not applied, or applied incorrectly. A significant
number omitted this question.

22 © OCR 2023
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Question 15 (a) (iv)

(iv) Which chemical reduces the iron oxide, Fe,0,?

Tick (v') one box.

C

Fe

CO

o [1]

Carbon monoxide was the most popular response.

Question 15 (b)

(b) Iron can be recycled in 5 stages.
Stage 1 Different types of waste metals are put in a recycling bin.

Stage 2 These waste metals are collected.

Stage 4 The iron is compressed and shredded.

Stage 5 The iron is melted and formed into new products.

Describe what happens in Stage 3. Write your answer on the line next to Stage 3.

[1]

More successful candidates appreciated that this is the point in the process where the metals are sorted
into different types. Landfill, recycling, shredding, compressing and cleaning were all popular responses.

23 © OCR 2023
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Question 15 (c) (i)
(¢) Inindustry, iron is extracted from iron ore in a blast furnace.

The table shows information about the production of iron in a blast furnace and from

recycling.
In a blast furnace From recycling
1 tonne of iron ore makes 1 tonne of recycled iron makes
0.63 tonnes of iron 0.96 tonnes of iron

2 x 10" kJ of energy is needed to 5 x 10%kJ of energy is needed to
make 1.0 tonne of iron make 1.0 tonne of iron

(i) Give two reasons why it is better to produce iron from recycling than in a blast furnace.

Use the information from the table.

More successful candidates interpreted the table correctly. Very few candidates responded with the
detail required for a question worth 3 marks, and so there needed to be a comparison in terms of the
guantities used, such as recycling uses four times less energy or produces 0.33 more tonnes of iron.

Look at the number of marks available for a question

Looking at the mark allocation of a question gives information on the amount the candidate needs to
write to access all of the marks.

24 © OCR 2023
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Question 15 (c) (ii)

(ii) Calculate the mass of iron made from 250 tonnes of iron ore in the blast furnace.
Give your answer in kilograms.

(1 tonne = 1000kg)

Mass of Iron = ... kg [2]

The more successful candidates both calculated the reacting mass and did the unit conversion. Many
candidates misread the question and only converted the 250 tonnes (the mass of the iron ore) into kg.

25 © OCR 2023
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Question 16 (a)

16 A student investigates the rate of reaction between magnesium and an excess of dilute
hydrochloric acid.

The diagram shows the apparatus they use.

Measuring
cylinder

Conical flask | — Bubbles of hydrogen

IoIIIIIchIIOIII [ 1]

Dilute hydrochloric acid

Magnesium Trough of water

(a) The student has difficulty filling the measuring cylinder with water.

They change the measuring cylinder for a different piece of apparatus which allows them to
measure the volume of hydrogen more accurately.

Name the piece of apparatus they use and complete the diagram below to show this

apparatus.

Name of piece of apparatus ..o

Conical flask

Dilute hydrochloric acid

Magnesium

[3]

The most successful candidates named a gas syringe; other popular responses included: test-tube,
measuring cylinder, flask and scale. A very small number of the very highest achieving completed the
diagram correctly. Most candidates omitted the drawing or repeated the drawing from the question stem.
A large number of candidates omitted the whole of the question.

26 © OCR 2023
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Question 16 (b)

(b) Complete the balanced symbol equation for the reaction.

Mg(s) + 2HCI(......) —> wovvrrn.... (aq) + H,(g) o

Candidates found this very challenging and many didn’t answer the question. Of the two answers, (aq)
was seen more frequently than MgCl,. The most popular state was (g) with MgCl, Mg and ClI being
popular products.

Question 16 (c)

(c) The student records the results of the experiment every 30 seconds. The graph shows the
student’s results.

Write the correct label, including the units, for the y-axis on the graph. [2]

100

920

80 g * x

70 T

60 -

................................. 50 //

................................. 40 {

~
N

TN

30t /

20

Fi
/
J

10 ¥y AREEEEE
,I

0

0 30 60 90 120 150 180 210
Time (seconds)

The most successful candidates gave the correct unit for the axis often alongside rate, reaction,
concentration of acid and amount of bubbles. Temperature and °C was a popular response. Many
candidates didn’t answer the question.
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Question 16 (d)

(d) The student repeats the experiment. The only difference is they use a higher concentration
of acid.

Draw a line on the graph to show the results of this experiment. [2]

More successful candidates drew a steeper line, but usually with the volume of gas being higher. Many
candidates didn’t answer the question.

Question 16 (e)

(e) If the experiment is repeated at a higher temperature, the rate of reaction increases.

Explain why. Use ideas about particles and collisions.

Candidates found this very challenging and many omitted the question or repeated the question stem
without adding to it. Particles moving more quickly was the marking point most frequently seen, particles
moving more or the acid having more energy were popular non-creditworthy responses. Some discussed
collisions often in terms of more collisions rather than increased frequency and increased successful
collisions. References to activation energy were rare, and they were often in terms of the particles having
more activation energy.
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